The Aharonov-Bohm (AB) effect has been accepted and has promoted interdisciplinary scientific activities in modern physics. To observe the AB effect in condensed matter physics, the whole system needs to maintain phase coherence, in a tiny ring of the diameter 1 µm and at low temperatures below 1 K. We report that AB oscillations have been measured at high temperature 79 K by use of charge-density wave (CDW) loops in TaS 3 ring crystals. CDW condensate maintained macroscopic quantum coherence, which extended over the ring circumference 85 µm. The periodicity of the oscillations is h/2e in accuracy within a 10 % range. The observation of the CDW AB effect implies Frohlich superconductivity in terms of macroscopic coherence and will provide a novel quantum interference device running at room temperature.
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I. INTRODUCTION
50 years ago, Aharonov and Bohm challenged our understanding of vector potential that had not been a physical entity [1] . Since then, the concept of AB (Aharonov and Bohm) phase has been accepted in modern physics [2] , such as condensed matter physics [3, 4, 5, 6 ], particle physics [7] , non-abelian gauge theories [8] , gravitational physics [9, 10] and laser dynamics [11] . To observe AB phase in condensed matter physics, the whole system needs to maintain phase coherence, in a tiny ring of the diameter 1 µm and at low temperatures below 1 K, typically [3] . We report first evidences for the AB interference effect at high temperature 79 K, by use of charge-density wave (CDW) loops in TaS 3 ring crystals [12] whose circumference is as long as 85 µm. CDW condensate maintained macroscopic quantum coherence which extended over the ring system [13] . Periodicity of the AB effect of CDW was half a flux quantum h/2e with h and e being Plank constant and an elementary charge, respectively. Using interference of CDWs, a room temperature operating quantum interference device may be produced because some low dimensional materials, such as NbS 3 , exhibit a CDW transition above room temperature. This will be substituted for superconducting quantum interference devices (SQUIDs), which can be only used at low temperatures.
CDWs have not been considered to exhibit AB effect because an electron-hole pair of CDW has neutral charge that cannot couple to vector potential, and the CDW phase is usually treated as a classical coordinate. However, the first prediction of AB effect of CDW was made by Bogachek et al [14] . Their model includes a term representing the interaction of the CDW with the vector potential field, and then estimated the oscillation of h/2e.
Another theory states that quasi-particle interference is generated by changing the CDW ground state [15, 16, 17] . Latyshev et al tried to observe the AB effect of CDWs in NbSe 3 crystals with tiny random holes pierced by heavy-ion irradiation [18] . Oscillation in the nonlinear CDW conductivity as a function of the magnetic field was shown. Visscher et al, however, insisted that this could be the AB effect of a quasi-particle passing through a metallic region where the CDW order was destroyed near the tiny holes [19] . Therefore, existence of the AB effect of CDW condensate has been an open question as yet.
For this reason, a CDW loop, over which continuity of the CDW order is maintained, should be exploited in order to decide the argument. This cannot be realized simply by piercing a hole in a conventional single crystal, because continuous CDW chain doesn't be formed with the hole. Topological crystals (ring and Möbius strip shaped seamless crystals) [12, 20] are only materials providing such the CDW loop. The chain axis of CDW directs itself along the circumference of the ring without losing the CDW order, thereby forms a CDW loop.
Besides, the previous experiment of NbSe 3 had another problem. In the CDW state of NbSe 3 , there still remain uncondensed electrons, which make it difficult to determine the origin of oscillation. Hence the choice of materials is crucial. We investigated orthorhombic TaS 3 , which have a Peierls transition at 218 K, and no uncondensed electrons at low temperatures.
II. EXPERIMENTAL
The samples are synthesized by the chemical vapor transportation method [12] . The materials (tantalum and sulfur) in an evacuated quartz tube react to produce TaS We measured the electric current at 5.1 K while applying a magnetic field to the vertical the ring crystal (Figure 1b) . The magnetic field is swept at a sweep rate of 50 mGauss/sec slow enough to eliminate generation of eddy current.
The magnetoresistance of a TaS 3 ring crystal is shown at the voltage, 100, 200 and 300 mV, in Figure 2 (a). We observed periodic oscillations in these voltages, increasing the amplitude together with the increasing voltage.
We obtained a peak h/2e estimated by the power spectra of the observed oscillation.
The insets of Figure 2 (a) show the evolution of the power spectra, 100, 200 and 300 mV, from bottom to top. The period of the oscillation ∆B is 39.7 mGauss for all voltages. By assuming the origin of the oscillation to the AB effect [1, 3, 18] , we estimated the effective charge e * using the following formula, show the sinusoidal oscillation with the period and amplitude corresponding to the peak of the power spectra. The major contribution of the observed oscillations is well expressed by the obtained spectra. Other peak, such as h/e or h/4e, was not observed within our experiment.
We performed several experiments to confirm reproducibility of our reservation. Changing the sample temperature to 79 K did not show discrepancy in the oscillation period with data at 5.1 K (Figure 2(b) ). The insets of Figure 2 In addition, the size of the sample is longer than coherent length of a quasi-particle. When a CDW was broken into quasi-particles, they can only stay within the coherence length of CDW. This is understood by analogy with a superconductor. Hence the quasi-particle will not travel over several nanometers, and the coherence of a quasi-particle is unlikely to 4 be preserved over the whole system with the circumference of 85 µm at 79 K. The phase correlation length of sliding CDW is longer than quasi-particle and the circumference of our sample because sliding CDW becomes more ordered in the direction of motion [22] . In case of our sample, the possibility of A'tsuler-Aronov-Spivak effect [18] , namely h/2e oscillation of a quasi-particle, is ruled out.
Our study shows that the periodicity of CDW is half a flux quantum h/2e. Bogachek et al [14] suggested that charge quanta of CDWs are multiple of chain number. For example, interference of a single CDW chain results in the period h/2e, while a bundle of CDWs with N chains provides an oscillation of h/2Ne period. If transverse correlation between CDWs formed CDW bundles, the period of h/4e or h/8e must be observed. In fact, the power spectra only give the fundamental h/2e oscillation.
Thus we propose a model to describe the h/2e oscillation. Figure 4 shows a schematic picture of a CDW soliton confined into a single chain. A CDW chain (the green wave in Fig. 4 ) has an extra wavefront, namely a soliton, carrying a charge of 2e [23] . The yellow circle corresponds to a dislocation loop encircling the soliton [24, 25] . Existence of the dislocation loop makes the soliton to move freely along the chain accompanying the 2e
charge. This agrees with our observation. Finally, we estimated a mass of CDW condensate, which influences coherence and decoherence in quantum mechanics. The CDWs have large effective mass being 1000 times the electron mass per CDW wavelength as they coupled with phonons and lattice [13] . In the case of TaS 3 ring which has the circumference of 85 µm, the effective mass of the single CDW loop is estimated about 10 8 times electron mass [26] . On the other hand, if a CDW soliton is localized in space, the mass is comparable to the effective mass [27] . In this context, determination of the model for our observation will directly relate with an applicability of quantum mechanics on macroscopic scales, and solve an important open question in quantum mechanics.
In conclusion, we observed the AB effect at liquid-nitrogen temperature 79 K using a CDW loop of TaS 3 ring crystal. The observed period was h/2e, which cannot be explained by interference of a quasi-particle. A soliton confined in a CDW chain, possibly originated the h/2e oscillation. This work suggests that macroscopic quantum tunneling [28] and Fröhlich superconductors [29] can occur in sliding CDWs. In principle, the quantum interference of CDWs provides a same sensitivity to an applied magnetic field to that of superconducting quantum interference device. And note that the transition temperatures 5 of CDWs are relatively higher than those of superconductor. Some materials show CDW behavior even at room temperature. Hence our observation will provide a Fröhlich superconducting quantum interference device running at room temperature, which has not been achieved by superconductor. 
